Solar sub-surface fluid topology provides an indirect approach to examine the internal characteristics of active regions (ARs). Earlier studies have revealed
INTRODUCTION
Solar surface flows have been studied over the last three decades using mostly the surface observations such as the photospheric magnetic tracers and Doppler measurements.
These tracers revealed that the magnetized regions rotate faster than the surrounding medium of field-free plasma (Golub & Vaiana 1978; Komm et al. 1993; Howard 1996) .
Doppler measurements have shown poleward meridional flows at the solar surface (Duvall
THE DATA AND ANALYSIS
For selecting our sample of the ARs, we have used archived information on ARs and solar activity provided by the web-pages of Solar Monitor 1 . We first identified the ARs producing flares of X-ray class > M1.0 using GOES database 2 during Carrington rotations 1980-2052 of Solar Cycle 23. Then, we short-listed the ARs within the heliocentric location
±40
• to avoid projection effects and selected 74 ARs, both flaring and relatively dormant, that were well covered by the GONG network. For each flaring AR, we chose a single data set corresponding to the day of maximum flaring activity. (A full list of the selected ARs is not provided here because of the space limitation.)
We examined the sub-surface flows in the interior of the ARs using the ring data products provided by GONG (Hill et al. 2003) . It utilizes 16
where the first two quantities correspond to the spatial dimensions in degrees and the third is the time duration in minutes. The three-dimensional Fourier transform of the data-cube gives the power spectrum which exhibits a trumpet like structure in the [k x , k y , ω]
space. Slices of the trumpet at given frequencies ω render concentric rings in [k x , k y ] plane corresponding to different p-modes (Hill 1988) . A wave propagating through the medium with horizontal flow is advected to increased (decreased) frequency depending on its propagation along (opposite) the flow. The frequency shift ∆ω for acoustic waves, ∆ω = U · K, gives the distortion in the shape of the rings. Using a proper fitting technique, this distortion can be estimated and the corresponding flow velocity is determined. As the modes of different wavelengths are trapped at different depths, the flow patterns derived at the surface are the weighted average over depths. This concept is used for deriving the flow beneath the surface using regularized least square (RLS) inversion (Gough 1985) adopted for GONG data (Corbard et al. 2003) .
We can derive vertical vorticity, ω z , to describe the circulation in ARs, as follows
Here, u x and u y are the zonal and meridional components of flow, respectively, and ω z is the vertical vorticity, which is a physical measure of vertical twist in the flow. In order to ascertain its significance as flow characteristic, we carried out an analysis of ARs with corresponding QRs located at the same latitude and time, but different longitudes. We found that the relative values of u y and ω z in ARs were indeed significantly larger than in the QRs. It has been shown observationally (Švanda et al. 2008, 2009) We estimated the remaining life times (τ ) of ARs from the information provided by solar monitor for the Earthside and MDI farside imaging as follows. We followed the We may infer that the depths of 2 and 6 Mm near which the extrema of u y are located correspond to the convective scale sizes of granulation and mesogranulation. For reference, these depth levels are marked in Figs. 1-2 as "G" and "M", respectively. These depths were also referred as the locations of ionization zones of H + and He + ions by Simon & Leighton (1964) and November et al. (1981) . However, recently Cattaneo et al. (2001) and Rast (2003) have shown this argument to be incorrect. Rieutord et al. (2000) suggested that mesogranulations result from the non-linear interaction of granules (also Cattaneo et al. 2001; Rast 2003) . Rast (2003) suggested that granular scales are determined by a close association between the upflows, which sustain radiative loss, and the downflow plumes, which initiate the upflow motions. A more detailed description of surface convection and scales can be found in the recent review article by Nordlund et al. (2009) .
Convective cells are parcels of fluid moving from the deeper layers to the upper layers and back to the bottom. The vertically rising material must change direction along a horizontal flow at two positions, i.e., the bottom and the top of convective cells. In a depth distribution of the velocity flow, these turning points may be represented by peaks in the velocity profile. The extrema seen in the vertical profiles of u y , such as the one at "G"
in Figure 1 , may be due to instabilities that drive the convective cells. The reason for convective driving near these depths is not clear because it depends on many factors, e.g., physical properties of flux rope and its ambient medium. Zero vorticity may be a signature of the flux rope being broken at these depths. It is possible that the connection between the magnetic structures at the surface and its underlying roots may get broken through a dynamical disassociation process (Fan et al. 1994) , and surface reconnection of the two opposite polarities (Schrijver & Title 1999) . But these mechanisms have been overruled by dynamical disconnection mechanism proposed by Schüssler & Rempel (2005) based upon the buoyant upflow of plasma along the field lines. From the simulation of thin flux tubes, Schüssler & Rempel (2005) found that the disconnection takes place at a depth between 2 and 6 Mm, which correspond with the depths "G" and "M" marked in Figure 4 (a). We suggest that once the flux ropes in the interior of an AR are disconnected, its remaining life time would depend upon the depth where ω z vanishes, i.e., ω z =0.
We have determined the depth of zero ω z by a minimization procedure. However, it
was not possible to accurately approach toward the point of zero vorticity for some of the ARs of our sample due to the limitation of the available spatial resolution of GONG data. We have examined the relationship of flare productivity of ARs with the extrema of ω z .
It is found that the depth of first extremum is mildly correlated with the integrated X-ray flux released during the 1664 minutes' period of the data cube obtained for the ARs. The
Pearson correlation coefficient calculated between these parameters is 20%. On the other hand, no correlation is found between the second extremum of ω z and the integrated X-ray flux of the corresponding ARs. 
CONCLUSIONS

